abstract In this study, algorithms designed for the Diagnostic Interview for Social and Communication Disorders (DISCO) were used to compare the ICD-10 criteria for Asperger syndrome with those suggested by Gillberg. Two hundred children and adults were studied, all of whom met the ICD-10 criteria for childhood autism or atypical autism. Only three (1 percent) met criteria for ICD-10 Asperger syndrome. In contrast, 91 (45 percent) met criteria for Asperger syndrome defined by Gillberg, which more closely resemble Asperger's own descriptions. Results showed that the discrepancy in diagnosis was due to the ICD-10 requirement for 'normal' development of cognitive skills, language, curiosity and self-help skills. When comparisons were based on Gillberg's criteria only, results showed the participants diagnosed as having Asperger syndrome differed significantly from the rest on all but two of Gillberg's criteria. However, all of these criteria could be found in some of those not diagnosed as having Asperger syndrome. The results emphasize the differences between the two diagnostic systems. They also question the value of defining a separate subgroup and suggest that a dimensional view of the autistic spectrum is more appropriate than a categorical approach.
Introduction
The question of whether Asperger syndrome (Asperger, 1944; Frith, 1991; Wing, 1981) can be distinguished from autism, especially in individuals with higher levels of cognitive ability (high-functioning autism), has been high intelligence, he also noted that the clinical picture could be found in 'the less able, even in children with severe mental retardation' and he gives one case history to illustrate this point.
Clumsiness appears only in the Gillberg and the Tantam criteria, although Asperger (1944) included this in his description of his syndrome. found that 19 out of 23 children diagnosed as having Asperger syndrome were clumsy and had a stiff and awkward way of walking. However, Ghaziuddin et al. (1992a) and Manjiviona and Prior (1995) , in their studies, found that motor problems did not discriminate between children diagnosed with autism and Asperger syndrome. Ehlers et al. (1997) , in their clinic based study, using Gillberg's criteria, found 40 individuals with Asperger syndrome. Thirty-four of these also had a diagnosis of Asperger syndrome on ICD-10 criteria (in draft form at the time of the study) but only if the requirement for normal language and cognitive development in the first 3 years was ignored. Ghaziuddin et al. (1992b) , in a comparison of diagnostic criteria for Asperger syndrome, noted that, for those sets of criteria that included normal cognitive and language development, fewer individuals qualified for the diagnosis.
In the present paper, the Gillberg criteria and the ICD-10 criteria for Asperger syndrome are compared.The Gillberg criteria were chosen for the present study because they include all the behavioural features covered by Szatmari's and Tantam's criteria combined. They are also the closest to, though not identical with, Asperger's own descriptions and case histories. The only prevalence study of Asperger syndrome published at the time of writing used Gillberg's criteria (Ehlers and Gillberg, 1993) .
The aims were (a) to calculate the number of individuals with Asperger syndrome for each set of criteria; (b) to examine, in detail, the contribution to the final diagnoses of the different items making up the criteria for the two diagnostic systems, especially the developmental and language items and motor clumsiness.
Method Participants
Participants were seen at the Centre for Social and Communication Disorders, a specialist tertiary referral centre for diagnosis and assessment. Almost all of the referrals to this centre have disorders in the autistic spectrum. The Diagnostic Interview for Social and Communication Disorders (the DISCO) is used as part of the assessment process to obtain information from parents or other carers on developmental history and present clinical picture. All individuals seen at the centre are also given psychological assessments.
The sample comprised 200 children and adults aged 32 months to 38 years (mean 12 years 7 months, standard deviation 8 years 1month), seen at the centre by either L. Wing or J. Gould during the period 1994-7. The participants were those for whom all the information elicited by the DISCO interview was complete and coded for computer entry. During the same period, some additional adults were seen for whom no parents were available for interview concerning the early history, and some other referrals, children and adults, were seen by other clinicians. These two groups were not included in the study sample. Individuals were seen at Elliot House in chronological order according to the date when referral was confirmed. They were assigned to the clinicians who were working at Elliot House on the days of their appointments. There was no process of selection that would introduce bias in the clinical pictures of those included versus those excluded.
The DISCO interview
The DISCO is a semi-structured interview schedule developed from the Handicaps, Behaviour and Skills (HBS) schedule (Wing and Gould, 1978) . It elicits from the informants (parents or other carers) a detailed picture of a wide range of behavioural features and developmental skills. During the interview, answers to over 300 questions are coded for computer entry. Full details of the DISCO interview, the computer coding and the diagnostic algorithms briefly described below are given in Wing et al. (forthcoming) .
The psychological assessments
For 153 participants, formal psychological assessments were carried out. The tests were chosen in the light of the age and ability of the individual concerned.The Wechsler Intelligence Scale for Children (WISC-III-UK), the Wechsler Preschool and Prima Scale of Intelligence (WPSSI), the Wechsler Adult Intelligence Scale (WAIS), the Leiter International Performance Scale or the Merill Palmer were used as appropriate. Forty-seven participants did not have IQ tests because they were too low in ability or, in a very few cases, were too uncooperative to be tested. For these individuals, their behaviour was observed by the psychologist in structured and unstructured situations. This information, together with the developmental information from the DISCO, was used to make an estimate of the level of ability.
The level of development of language was assessed from the verbal scale of the Wechsler tests, the British Picture Vocabulary Scale or the Reynell Language Development Scales. For those children who could not be formally tested, estimates were made from observations and the DISCO information on communication skills. autism 4(1)
Diagnostic algorithms
An algorithm is a set of step-by-step instructions for solving a problem. In the present study, the instructions were designed for the computer to examine, in logical sequence, the codes for the relevant clinical features, until a decision could be reached on whether the diagnosis under consideration was confirmed or rejected.
The algorithms used with the DISCO enable different possible diagnoses to be examined for each individual. Three sets of diagnostic criteria for 'pervasive developmental disorders' and their subgroups can be examined.These are: DSM-III-R (American Psychiatric Association, 1987), DSM-IV (American Psychiatric Association, 1994) and ICD-10 (World Health Organization, 1993) research criteria. Three specific diagnostic categories can also be examined.These are: Kanner's criteria for early infantile autism (Kanner and Eisenberg, 1956 ), Gillberg's criteria for Asperger syndrome (Ehlers and Gillberg, 1993) and Wing and Gould's criteria for autistic spectrum disorders (Wing, 1991; Wing and Gould, 1979) .
The systems to be discussed in the present paper are the ICD-10 criteria for autism and Asperger syndrome (subgroups of the pervasive developmental disorders), and Gillberg's criteria for Asperger syndrome (Ehlers and Gillberg, 1993) . The latter will be referred to here as 'Gillberg's Asperger syndrome', as opposed to 'ICD-10 Asperger syndrome'. A separate reliability study showed a high level of inter-rater agreement for the DISCO items and for the diagnoses derived from the algorithms (Libby et al., 1998: Wing et al., forthcoming) .
In designing the algorithms, specific items were selected from the DISCO to match as precisely as possible (a) the criteria given in ICD-10 and (b) the criteria listed by Gillberg (1991) .This included decisions about the level of severity (marked, minor, no problem) to fit most accurately the relevant description. A large number of the items were common to both the ICD-10 Asperger syndrome and Gillberg's Asperger syndrome systems. However, the degree of severity applied for each behavioural item did not always correspond for the two systems.
For both systems, wherever possible, a choice among two or more DISCO items was given within the algorithm in order to decide if a particular item from the diagnostic system concerned was present. For example, repetitive and stereotyped patterns of behaviour may be shown in a variety of ways. In ICD-10, one item under this heading concerns nonfunctional routines or rituals. In the DISCO algorithm, nine different ways in which this may be shown are given, including, for example, lining up objects, insisting on following the same routes to places, and insisting on a set bedtime routine. ICD-10 Asperger syndrome items are listed in Tables  3 and 4 and Gillberg's Asperger syndrome items are listed in Table 5 .
Certain adaptations were made to Gillberg's original list of behaviours. For example, motor clumsiness in the DISCO comprises six items from the parent's report, rather than a measure of poor performance on neurodevelopmental examination as described in Ehlers and Gillberg (1993) . Also, the Gillberg original criteria include a language delay item under the speech and language category, while the DISCO algorithm for Gillberg's Asperger syndrome does not. These changes were made in order to fit more closely with Asperger's descriptions. Asperger noted clumsiness from clinical observation. He described language abnormalities but did not specify language delay. There are a number of other subtle differences within each of the six categories, owing to the difficulties of translating general descriptions into specific behaviour. However, the essential meaning of Gillberg's criteria was preserved in the algorithm.
Coded information from (a) the DISCO and from (b) the psychological assessment was entered into a database using Paradox for Windows. A syntax file allowed these data to be transported to SPSS and the diagnostic rules to be run, generating a diagnosis for each system. For each diagnosis every individual had two diagnostic outcomes, one based on current behaviour and one based on behaviour that had ever been shown by the individual. Diagnosis based on current behaviour is reported here. Table 1 shows the number of participants who met criteria for the followautism 4(1) ing ICD-10 diagnostic subgroups: childhood autism, atypical autism and ICD-10 Asperger syndrome. As can be seen, all 200 participants met ICD-10 criteria for childhood autism or atypical autism. The large number of referrals with autistic disorders reflects the special interest of the centre. However, of the 200 participants, only three (1 percent) had the criteria for ICD-10 Asperger syndrome. None of these met the Gillberg criteria, although all three met criteria for ICD-10 atypical autism because of later age of onset. Each of the ICD-10 diagnostic subgroups is compared with Gillberg's Asperger diagnosis in Table 1 . Ninety-one participants (45.5 percent) met the criteria for Gillberg's Asperger syndrome compared with 109 who did not meet Gillberg's Asperger syndrome criteria. All those who met Gillberg's Asperger syndrome criteria also met criteria for ICD-10 childhood autism or atypical autism.
Results

Diagnoses
As only three individuals met ICD-10 diagnostic criteria for Asperger syndrome, subsequent analyses were based on (a) data for the 91 participants with Gillberg's diagnoses and (b) data for the rest of the sample (referred to as the 'other' group).
Characteristics of the participants
The estimated IQs and language levels of the participants are shown in Table 2 .
Comparison of ICD-10 and Gillberg's criteria for Asperger syndrome ICD-10 criteria Lack of developmental delay The first of the ICD-10 research criteria for Asperger syndrome specifies: 'no clinically significant delay in spoken or receptive language or cognitive development. Diagnosis requires single words by 2 years, communicative phrases by 3 years. Self-help skills, adaptive behaviour and curiosity about the environment during the first 3 years should be at a level consistent with normal intellectual development.' leekam et al.: criteria for asperger syndrome This definition presented problems for the design of an algorithm. Lack of delay in use of speech is defined operationally by ICD-10, but no operational criteria are given for receptive language or for self-help skills, adaptive behaviour and curiosity. In order to write the algorithm, the instructions were taken literally. Current levels of language development and IQ within the age-appropriate range were specified. Eight items from the DISCO were used to cover development of toilet training day and night, self-feeding, dressing, washing, cooperating with simple instructions, independence, and asking questions to satisfy curiosity. Questions were asked, retrospectively, concerning the levels reached in these areas by 3 years of age. The criteria for 'normal development' in these areas were equivalent to those in the Vineland Adaptive Behaviour Scales.
The 12 DISCO items for this section of the ICD-10 criteria are shown in Table 3 . All 12 of these items must be satisfied for a diagnosis of Asperger syndrome. Table 3 shows that many individuals in both the Gillberg and the other (non-Gillberg) groups had current language levels at or above their chronological ages, no history of delay in language development and IQ in the age-appropriate range. The difference between the autism 4(1) Participants meeting all criteria for lack 0 0 1 3 of delay (A, B, C, D) two groups was significant for the current level of IQ and language. On the basis of these two items (language and IQ) many would have qualified for an ICD-10 diagnosis of Asperger syndrome. However, only a half or less in either group showed no delays in each of the measures of selfhelp, adaptive behaviour and curiosity as operationalized in the DISCO. There were no significant differences at p Ͻ 0.001 between the groups on any of these measures, and only one difference at p Ͻ 0.05 (for clean and dry at night). On some of these measures, surprisingly, the other group had a higher proportion of individuals meeting the criteria, e.g. fetching and carrying by 3 years and being allowed to go out in the garden by 3 years. Table 4 shows the number and percentage of participants meeting the main ICD-10 Asperger algorithm rules for social impairment and repetitive routines. For ICD-10 social impairment at least two out of four items are required and for ICD-10 repetitive actitivities at least one out of four items is required. Ninety of the 91 participants with Gillberg's Asperger syndrome and 98 of the 109 other group met criteria for both social impairment and repetitive activities -a total of 188 out of 200. It is of interest to note that the ICD-10 criteria for atypical autism can be met even if only one or two of the three areas required for typical autism are presentnamely, impaired social interaction, impaired communication and repetitive activities. Among the 200 participants in the present study, seven did not meet criteria for social impairment, four did not meet criteria for repetitive activities and one did not meet criteria for either of these. The other four with a diagnosis of atypical autism because of either symptom, or age plus symptom criteria (see Table 1 ), did not meet the criteria for impaired communication.
Effect on ICD-10 diagnosis if some developmental criteria are removed
Examination of the data for the 188 participants with both ICD social impairment and repetitive activities reveals how many more individuals would also qualify for an ICD-10 diagnosis of Asperger syndrome if some of the requirements of normal functioning and lack of delay were removed from the first ICD-10 criterion (see list of items in Table 3 
Gillberg's criteria
Frequency and discrimination of items within each category The six Gillberg categories of social impairment, narrow interests, repetitive routines, speech and language, non-verbal communication and motor clumsiness were examined. Chi-square tests were used to determine whether any of these six categories discriminated Gillberg's diagnosed participants from participants without a Gillberg diagnosis. The individual behavioural items within each category were examined to assess both the discrimination and the frequency of these items. Table 5 shows the algorithm rules for each category and the frequency of items, together with chi-square values and significance levels. Because of the large number of comparisons made on the same sample, a significance level was set at p Ͻ 0.001 and below. Continuity corrections were applied whenever expected frequencies fell below 5 for at least 25 percent of cells. The algorithm rules for four of the six categories -repetitive routines, speech and language (current abnormalities), non-verbal communication and motor clumsiness significantly discriminated those with Gillberg's Asperger syndrome from the other group at the p Ͻ 0.001 level (see summary on bottom line of each category in Table 5 ). The algorithm rules for social impairment and narrow interests did not discriminate at this level. However, for social impairment the subrule A'Quality of interaction', and for narrow interests the subrule C 'Collects facts', did significantly discriminate.
For the speech and language category, five of the six behavioural items ('interprets language literally', 'non-reciprocal communication', 'longwinded speech', 'odd tone of voice', 'uses different voices') significantly discriminated the two groups. Three of these items ('tone of voice', 'nonreciprocal communication', 'literal interpretation') were found in more than 65 percent of the Gillberg's diagnosed sample. Only 20 percent of the other group showed at least one of the six items, owing to the fact that many had too little speech to demonstrate these features.
For the motor clumsiness category, two of the six behavioural items, 'immature gait' and 'poor coordination at games', significantly discriminated the groups at the p Ͻ 0.001 level. The presence of at least one of the six items concerning clumsiness was necessary for a diagnosis of Gillberg's Asperger syndrome. Results showed that significantly more individuals with diagnoses of Gillberg's Asperger syndrome met this criterion than the individuals in the other group. However, it should be noted that 87 (nearly 80 percent) of the other group also met this criterion.
Cognitive and language levels in Gillberg's Asperger syndrome IQ of 70 or above and lack of delay in language development are not required leekam et al.: criteria for asperger syndrome criteria for the Gillberg's diagnosis.Yet, as found in other studies (Ehlers et al., 1997; , the majority of those with Gillberg's Asperger syndrome (60 percent) also had current cognitive and language levels in the age-appropriate range. However, 33 participants (36 percent) with Gillberg's Asperger syndrome had language abilities mark- 
Discussion
In this study, algorithms designed for the Diagnostic Interview for Social and Communication Disorders (DISCO) were used to compare the two diagnostic systems, ICD-10 Asperger syndrome and Gillberg's Asperger syndrome. Results showed that 91 (45.5 percent) of the 200 participants with autistic spectrum disorders received a diagnosis of Asperger syndrome using the algorithm for Gillberg's criteria. This percentage is comparable with, but slightly higher than, the percentage of participants (33 percent) diagnosed as having Asperger syndrome from among a group with autism in the Ehlers et al. (1997) study. In the present study, for none of the features examined was impairment confined to one group only. Even when the group differences were significant, a proportion of each group showed the feature concerned.
In comparison with ICD-10 criteria, Gillberg's definition included more criteria and more specific criteria for current behaviour, and kept much closer to Asperger's own account of his syndrome. The considerable discrepancy between diagnostic output using Gillberg's criteria (91 individuals) and ICD-10 criteria (three individuals) was, in large part, due to the inclusion in the ICD-10 criteria of items requiring 'normal development before age 3 of self-help and adaptive skills and curiosity'. In this respect, the ICD-10 criteria were narrower than Gillberg's, but also were less like Asperger's descriptions. Asperger (1944 Asperger ( /1991 commented that it was often well nigh impossible to teach the children the requirements of cleanliness and physical care, whatever their level of ability in other areas. He also noted that the pattern of behaviour he described could be found in some individuals with mild or even severe learning disabilities. Clinical experience in the centre involved in this study has likewise shown that delay in self-help and adaptive skills is very common indeed in children with fluent language, high ability, odd social interaction and circumscribed intellectual interests -the classic picture described by Asperger. This is closely related to lack of motivation to learn skills that they are used to having mother perform for them, exacerbated in some individuals by marked motor clumsiness. In this group, although curiosity about the subjects of special interest is typical, interest in the wider environment is rare. autism 4(1) All 200 individuals in the study met the criteria for the ICD-10 definition of childhood autism or atypical autism. The three individuals with ICD-10 Asperger syndrome also had the criteria for atypical autism. In effect, the ICD-10 system for Asperger syndrome identifies a subgroup with no delay in early cognitive, language and 'adaptive' development and age-appropriate current language level. This subgroup is selected even though the clinical picture later on is identical, in respect of social impairment, inappropriate use of language, and repetitive, stereotyped activities, with that of ICD-10 autism or atypical autism. It may be that this subgroup has some value in clinical or aetiological terms, but this remains to be proven. Since it differs in important ways from Asperger's own descriptions, it would be less confusing if this pattern were given some name other than Asperger syndrome.
Gillberg's criteria are also compatible with an ICD-10 diagnosis of childhood autism or atypical autism. His criteria select a subgroup tending to have better language and more intellectual interests.They also have some degree of clumsiness, but so did the majority of the participants in the study who were in the other group. A study by Eisenmajer et al. (1996) showed that clinicians appear to be diagnosing Asperger syndrome on the basis of published research and case study accounts, rather than using ICD-10 or DSM-IV criteria. Experience at the Centre for Social and Communication Disorders confirms that referring clinicians suggest the diagnosis of Asperger syndrome mainly on the current language level of the individual concerned and not on developmental history.
The findings pose certain questions. One is whether the algorithm created from the DISCO was too strict in the definition of 'normal development'. The definitions followed those from the well standardized Vineland Scales. But, in a study including non-autistic children, it was found that some typically developing children had not reached all the criteria set for age-appropriate development by 3 years (Libby et al., 1998) . In the light of this, should the ICD-10 criteria for developmental items be reworded and, if so, how? The algorithms would also have to be changed but it would be difficult to do this unless the ICD-10 wording is amended. For example, should development be considered to be age-appropriate if some items are not achieved by 3 years and, if so, how many and which ones?
A second and more fundamental question concerns the clinical and theoretical value of defining subgroups in the autistic spectrum. The marked overlap among the individual items making up the criteria for autism, atypical autism, ICD-10 Asperger syndrome and Gillberg's Asperger syndrome points to the unsatisfactory nature of the present systems of subgrouping. None has been independently validated. In clinical work, attempts to adhere too rigidly to specific diagnostic criteria can lead to the exclusion of individuals from services they need. In research, comparisons of results from studies require detailed descriptions of the participants. Simply giving a diagnosis according to one of the published systems is too vague, as the present findings show.
However, the label of Asperger syndrome, if used flexibly with the aim of helping the individual concerned, has some practical value. Parents of the higher-functioning children with autistic spectrum disorders find the term 'Asperger syndrome' more acceptable than 'autism', at least when they first learn of the diagnosis. If the term is used to refer to higher-functioning children and adults with autistic spectrum disorders who have better language, regardless of their early history, it has some use in ensuring appropriate service provision. Higher-functioning children and adults have special educational, occupational and leisure needs that differ from those with more severe disabilities, even though the basic principles of an autism-specific approach remain the same (Howlin, 1997; Jordan and Powell, 1995; Wing, 1996) .
The findings from this study corroborate the views of other authors (Ehlers and Gillberg, 1993; Frith, 1991; Prior et al., 1998; Wing, 1981; that there is little point in pursuing the question of the differentiation of autism and Asperger syndrome. The value of the latter label is political rather than scientific.
It may eventually be possible to define some subgroups among autistic spectrum disorders that have relevance for aetiology, neuropathology or treatment. The major difficulty in this endeavour is the complexity of the clinical picture and the enormous amount of individual variation. Future attempts to distinguish subgroups will also need to consider developmental changes in the relationship between degree of clinical impairment, language and cognitive development. A study by Eisenmajer et al. (1998) showed that language delay and current language level predicted autistic symptoms differently depending on the age of the individual. Eisenmajer et al.'s findings suggested that language variables were not sufficient to group individuals into one group or another. It is also necessary to be aware of how behavioural symptoms, language and cognitive ability relate to each other across development and how individuals may change. For example, problems with social interaction may affect language development in particular ways early in development but, if language is acquired, this may help to lessen the social difficulties.
The findings of the study are consistent with a dimensional view of autistic spectrum disorders. They also indicate that it is time to move away from potentially circular attempts to differentiate Asperger syndrome and autism. For the time being, in practice, the most useful indication of curautism 4(1) rent needs and future prognosis is overall level of ability (Bartak and Rutter, 1976; Rutter, 1970) .
